Background: This study aims to determine the hazard ratio of having any complication from diabetes mellitus, and the associations between comorbidities and risk of having any complications from diabetes mellitus among diabetic patients who have attended government primary care clinics. Methods: Secondary data were retrieved from the Malaysian National Diabetic Registry which included all patients who received care. The data from the study on the socio-demographic, diabetes complications, clinical and treatment characteristics were analyzed using descriptive statistics. Cox regression was performed to estimate the hazard ratio for comorbidities, tobacco use, duration of diabetes and socio-demography characteristics upon time to diabetic complications. Results: Adjusted for other covariates, increase number of comorbidities contributed the highest hazard ratio risk: 1 comorbid (aHR: 2.47, 95% CI: 2.39, 2.55), 2 comorbidities (aHR: 4.34, 95% CI: 4.22, 4.47), 3 comorbidities (aHR: 6.56, 95% CI: 6.31, 6.81) and 4 comorbidities (aHR: 9.13, 95% CI: 8.20, 10.17). Other factors: age > 40 years (8%) Malays (27%) and smokers (10%) have hazard risks to develop diabetic complications. Conclusions: Increase in number of comorbidities will increase the risk of getting diabetes complications. Other factors such as age, gender, race, smoking status and duration of diabetes are also noted to contribute to increase risk for How to cite this paper: Muhamad, N.A.,
Introduction
Diabetes is a major global health problem which has put a strain on the global economy with an estimated budget of US 1.31 trillion globally [1] . WHO reported a consistent incremental trend of global diabetes up to four-fold since 1980 [2] . A recent report by the International Diabetes Federation estimated 8.8% global prevalence of diabetes or 425 million adults aged 20 to 79 years old are diabetic [3] . The WHO data representing 130 countries indicated 382 million people had diabetes in 2013, and this number is expected to increase up to 592 million by 2035 [2] . The trend of diabetes has been on the rise especially in low and middle-income countries [3] [4] with 84.5% of undiagnosed diabetes which will increase the number of diabetic cases in the future [3] . Diabetes can lead to complications that significantly impact the quality of life and causes premature mortality [4] . WHO estimated 3.7 million burden of deaths attributable to high blood glucose which includes 1.5 million diabetes deaths and additional 2.2 million deaths of other complications associated with high blood glucose level among upper middle income and low income countries [4] .
The rise in diabetes prevalence has been attributed to numerous factors, including population growth and ageing [5] . Other factors, such as obesity and physical inactivity, have also contributed substantially to the global diabetes burden. Thus, preventing these factors can prevent or delay the onset of type 2 diabetes [5] [6] .
Several studies have also documented clinical evidence of multiple comorbidities which will increase the risk of diabetes complication and complicate diabetes management [7] [8] . Comorbidities also increase the burden of medical expenditure and care for patients with diabetes and other range of complications for treatment [9] [10] . Other study also indicates lower utilization of specialist care has been proven to contribute an increased risk of diabetes complications [11] .
In Malaysia, the recently published population-based survey of National Health and Morbidity Survey 2015 indicates 17.5% of known and undiagnosed diabetes among adults aged 18 years and above [12] . The survey also revealed an incremental trend in diabetes prevalence from 5.5% among adults aged 18 to 19 years and peaks in older age [12] . Recent findings in Malaysia recruited patients from general hospitals, diabetes clinics and referral clinics reported high burden of diabetic patients with uncontrolled coexisted complications [13] . The study also found worsening glycemic control with multiple comorbidities despite of adherence to medication [13] . Another studies utilized a cohort of diabetes patients attended primary health care clinic in Malaysia reported high burden of However, based on our current knowledge, none of the studies measure time factor or duration of diabetes to the development of the complications associated with diabetes. Hence, we feel the necessity to further explore the risk of these coexisted conditions with other predictors by considering the time factor to developing diabetes-associated complications. Understanding on these coexisted conditions and other factors is important for health care practitioners especially at the primary health care setting to manage diabetic patient more effectively.
This information is also essential for the primary health care provider to improve the quality of care and outcomes of diabetic patient to inhibit complications and reduce the burden of chronic or secondary care as a result of diabetes complication. Therefore, this study aims to determine the hazard factors of having any complication from diabetes mellitus, and its association with comorbidities among diabetes patients attended government primary health care clinics by utilizing data from the Malaysian National Diabetic Registry.
Methods

Data Collection
Data for this study was obtained from the National Diabetes Registry (NDR). The proportion of patients from the registry are randomly selected for auditing of clinical variables and clinical outcomes and they are added to their registry record [15] .
In all MOH health clinics, diabetes mellitus is diagnosed based on the plasma glucose criteria either fasting plasma glucose (FPG) or 2-hour plasma glucose 
Site Selection Criteria
There are currently 1061 health clinics managing patients with DM. However, for this study we selected 963 participating health clinics throughout the country that provided complete data of diabetic patients to NDR. These 963 clinics were also chosen because these clinics participated in the NDR database project that compiled complete information of patients with DM in primary health care set- 
Patient Selection Criteria
The registry includes all patients with DM managed at the participating health clinics. These patients came with any type of DM namely Type 1 DM (T1DM), Type 2 DM (T2DM), and other types of DM, such congenital diabetes, cystic fibrosis-related diabetes, steroid-related diabetes that is induced by high doses of glucocorticoids, and several forms of monogenic diabetes. For the purpose of this study, only patients with T1DM and T2DM were included. Additional inclusion criteria were DM patients aged between 20 -70 years old, diagnosed from year 1990 and above, with information of comorbidities; ischemic heart disease, cerebrovascular disease, hypertension and dyslipidemia. All patients with missing date of diagnosis and complications related to DM were excluded.
A total of 729,743 patients were identified from the registry. Of these, 567,442
were included in the final analysis. All data were de-identified prior to analysis.
This study was registered under the Malaysia National Medical Research Registry (NMRR) with the identification number NMRR-17-33234334 and funded by MOH. The Malaysian guideline permits the use of secondary data from the registry if the data are anonymised. Hence, the data were de-identified prior to analysis.
Statistical Analysis
Analysis was performed to determine the distributions of socio-demographic factors, diabetes complications, namely, retinopathy, nephropathy, diabetic foot ulcer and amputation, and number of comorbidities. For all cases with diagnosis dates (diagnosed since 1 January 1990), the Cox proportional hazard model was performed to calculate crude and multivariable-adjusted hazard ratios (HRs) in the model with the variables; smoking status, type and duration of diabetes, and number of comorbidities. Time was defined as diagnosis date to time of complications; retinopathy, nephropathy, diabetic foot ulcer and amputation. Time periods were defined as less than five years, five to ten years and more than ten years. All analyses were performed using Stata SE 12.1 software. All reported p-values were 2-sided, and p < 0.05 indicates a significant difference.
Results
During the study period, a total of 567,442 patients with mean age of 56.59 (SD 9.38) years met the inclusion criteria. About 57% (325,361) were females and more than 60% were Malays. A majority of the patients were nonsmokers (80.5%). The demographic characteristics of the respondents are presented in Table 1 .
Clinical characteristics showed that almost 100% (564,140) of the patients were T2DM with a mean disease duration of 7.14 (SD4.90) years. With regards to comorbidities, almost 65% (365,765) had been diagnosed with hypertension, 55% (312,260) with dyslipidaemia, 4% ischemic heart disease and 1% Table 2 . 
Discussion
The present study examined the hazard factors affecting the risk of developing complications in diabetic patients from the NDR registry. These were nephropathy, retinopathy, diabetic foot ulcer, amputation, and combination of all four complications. In this large primary care clinic attendance database, our study showed that the presence of comorbidity especially patients with more comorbidities, smoking, older age ethnicity had increased risk of diabetic complications at any time during the follow up from this study.
Our study found an incremental risk of complications with the increasing number of comorbidities. Studies reported the preponderance of diabetes patients with one comorbidity as compared to multiple comorbidities [19] [20] and the presence of comorbidity was significantly associated with diabetic complications [20] [21] . Hypertension, hyperlipidemia and obesity were the commonest comorbidity and about 20% had the secoexisted comorbidities [20] . It was also reported an incremental trend of obesity correlates with the rise of diabetes especially in T2DM [22] .
Several studies reported hypertension was the commonest comorbidity among diabetic patients and the findings are consistent with the present study where 64.5% patients had coexisted hypertension [7] [19] [23] [24] . In India, hypertension was the most frequent comorbid among T2DM patients living in urban area [7] . Hypertension has been identified as an important risk factor for nephropathy and increases the risk of macrovascular and microvascular complications, which require multifactorial medication for effective treatment [8] . The results from other studies have proven that older people are more likely to present with cardiovascular complications, higher rates of comorbid conditions, mortality, and geriatric syndromes than elderly without diabetes [19] . Generally, the incidence and prevalence of diabetes due to obesity and aging population attributable to 15% increment in health care expenditure by 2031 [25] . In this study, nephropathy and retinopathy were more prevalent as compared to other complications and this finding concurs with other studies [16] [24] . Retinopathy was found to be a constant complication in diabetes patients [16] and all these complications were more predominant among older age [16] . Among all the complications, neuropathy and nephropathy were the commonest combined complications [16] . According to Donate-Correa et al. [26] , one third of diabetic patients are affected by diabetic nephropathy indicates significant of social and economic burdens that could lead to the chronic of end-stage renal disease [27] . A patient with early nephropathy has two times higher risk of retinopathy while a patient with advanced nephropathy has six times higher risk of retinopathy [28] . A study reported that predictive factors for neuropathy include duration of diabetes, retinopathy, HbA1C at second visit, and creatinine clearance on third visit [29] . Other diabetic complication such as end stage renal disease (ESRD) has shown significant predictor with diabetes-associated mortality adjusted for socioeconomic status [30] . Other study has documented neuropathy as the most predominant complication among diabetic patients [16] especially among Asian patients [31] .
In this study, the percentage of diabetic foot ulcer (DFU) was lower than nephropathy and retinopathy. Though it was lower than the global prevalence, DFU causes the highest number of hospital admissions along with considerable costs [3] . This complication includes longer lengths of hospital stay, higher hos- [33] . About 15% of DM patients will experience a foot ulcer at some point in their life [34] and the mortality risk increases by 2.4-fold over diabetic patients without ulcers [35] .
Amputation was among the less observed complication in this study. Finding from a population-based study in Malaysia reported 4.3% of people with known diabetes reported of lower limb amputations [36] . However, those findings contradicted with this study where less than 1% of patients underwent leg amputation. According to Goodney et al. the highest risk for amputation are those with persistent hypertension and obesity, poor care delivery in remote settings, and poor engagement in health care systems [37] . Moreover, other study documented more evidence that amputation have contributed to the largest changes in quality of life of diabetic patients besides stroke and loss of vision [38] .
Numerous studies discussed age as a strong independent predictor for diabetes and comorbidity [7] [24]. Evidently, multiple comorbidities are more prevalent among older people [24] and types of diabetic-associated complications [16] [19] . Those findings coincide with our finding where older patients (>40 years old) are more prone with diabetes complications. Hypertension and hyperlipidemia are more common among older patients with T2DM compared to younger age [19] . Thus, management of older diabetic patients with multi comorbidities could reduce mortality associated with diabetes complication [3] .
Our study found being female is a protective factor for having any complications. This finding supports other studies, as males tend to increase comorbidity burden, which consequently impact further diabetic-related complications [19] [33]. It is well known that cigarette smoking increases the risk of developing diabetes [30] . Smoking is also more prevalent among males in this study and this condition consequently contributed to higher risk of diabetic-associated complications among males. Numerous studies have documented the impact of smoking to diabetes and consequent diabetes complications and smoking also significantly exacerbates diabetic nephropathy in T2DM patients [39] . Our study found Malays and other ethnics had increased risk for diabetes complications and Indians had lower risk for diabetic complication adjusted for other covariates. This situation might be attributable to other predisposes risk factor such as BMI where the Malays were more prone to obesity and other metabolic syndrome that coexist with diabetes [30] . One review highlighted high rates of diabetes among Asian population attributable to high prevalence of obesity which is more common in developing countries [30] . As compared to western countries, Asian people are more prone to abdominal obesity and low muscle mass with increased insulin resistance and the waist circumference reflecting central obesity substantially increased the risk of developing T2DM [30] [31]. Obese patients were more likely to develop diabetic retinopathy such in Indian population and those with central obesity are associated with two times more likely to develop diabetic retinopathy [40] .
Our study found duration of diabetes of more than 5 years was significantly [22] as compared to patients with uncontrolled chronic diabetic with high rate of complications from the hospital [42] . This is further supported by data where about 1.1 million of diagnosed diabetes patients in Malaysia received treatment at primary health care for early prevention of diabetes complications [22] and patients with more comorbidity tended to have more frequent clinic visit than patients with no documented comorbidities [20] .
Recommendations
Health care workers assessing diabetic patients are recommended to establish health risk-assessment tools that include comorbidities and lifestyle assessment for use in primary clinical care setting for prevention strategies of diabetes complications. It is vital to increase awareness among the public about the constellation of diseases related to having diabetes and its associated morbidities and mortality risks. Lifestyle management is essential to regulate blood glucose include physical activity and sleeping pattern [6] . Other study also reported counseling for diabetic patients to modify their diet such as glycemic control has significant cost saving through control of complications associated with T2DM [43] .
Limitations
NDR data only collect information of diabetic patients attending government primary health care clinics in Malaysia and they do not include patients attending secondary and tertiary government hospital care and private healthcare either general practitioner or private hospitals [15] . These data also rely on the quality of documentation from the primary health care clinics and we anticipate incomplete information from certain variables in the NDR that reduce sample population in our analysis.
Conclusions
Among all factors, increase in number of comorbidities will increase the risk of diabetes complications. Age, gender, race, smoking status, duration of diabetes and the number of comorbidities (ischemic heart disease, cerebrovascular disease, hypertension and dyslipidemia) are the hazard factors of having any complications to the patients. Older age and male gender are more likely to have the hazard or risk for complication.
